Log variables are set to zero if the levels of the variables are zero. Zero home equity equals 1 (0) if home equity is zero (positive). Annuity income is the sum of Social Security income, defined benefit pension income and immediate annuity income, for retired households. It is set to zero for non-retired households. Expected annuity income is the sum of expected values of Social Security income, defined benefit pension income and immediate annuity income, for non-retired households. It is set to zero for retired households. Subjective probability of needing long-term care is the subjective probability chance that the respondent would need long-term care service at least for one year during her remaining life. The target age in subjective probability of survival question is set to 75 if the respondent is younger than 70, to 85 if the respondent is younger than 80, and to 95 if the respondent is younger than 90. 
Hypothetical financial products
 Plan A guarantees that you will have $W for spending next year.  Plan B will possibly provide you with more money, but is less certain. There is a 50% chance that Plan B would double your money, leaving you with $2W, and a 50% chance that it would cut it by x%, leaving you with $ (1 0.01 )
x W   .
Rules
 You have no other assets or income, and so the only money you have available for all your spending next year is from either Plan A or Plan B.  Any money that is not spent at the end of next year cannot be saved for the future.  You cannot give any money away or leave it as a bequest.  If you need anything next year, you have to pay for it. No one else can buy anything for you.  At the end of next year you will be offered the same choice with another $W for following year. Parameters asked W =100,000 and 50,000.
Question
Would you choose Plan A or Plan B? Table A4 : The stock market expectation questions in VRI survey wave 3.
Variable name Survey question Question Order p-m p0
What do you think is the percent chance that the stock market will be higher in twelve months than it is today? Think of a stock market index such as the Dow Jones Industrial Average and do not adjust for inflation.
p20
And what do you think is the percent chance that it will be at least 20% higher in twelve months than it is today? [If answer is greater than the p0 answer: "Please enter a response that is less than or equal to you previous response or change your previous response."] 
p0
And what do you think is the percent chance that the stock market will be higher in twelve months than it is today? p20 What do you think is the percent chance that it will be at least 20% higher in twelve months than it is today? [If answer is greater than the p0 answer: "Please enter a response that is less than or equal to you previous response or change your previous response."] Note: The question orders are randomized in the survey instrument. The distributions of responses are slightly different depending on which sequence is used. Notes.
The third line reports how the latent risk tolerance parameter affects means of the belief parameter distributions. Statistics reported in Table 4 are calculated based on these parameters, where the means of belief parameter distributions are adjusted using the mean of the risk tolerance parameter multiplied with the numbers reported in the third row.
Standard errors in parentheses. *, **, and *** implies significance at 5%, 1% and 0.1% level, respectively. Note: Standard errors in parentheses. *, **, and *** implies significance at 5%, 1% and 0.1% level, respectively. Reference categories are male in couple, individual client sample, not having a college degree. See notes to Table A2 for detailed description of the right hand side variables. Standard errors in parentheses.
*, **, and *** implies significance at 5%, 1% and 0.1% level, respectively. Reference categories are male in couple, individual client sample, not having a college degree. See notes to Table A2 for detailed description of the right hand side variables. For the first two columns, the LHS variable is calculated as the share of stock holdings (based on survey measure) out of the sum of total financial wealth and housing wealth. For the last two columns, the LHS variable is calculated as the share of the sum of stock holding (based on survey measures) and housing wealth out of the sum of total financial wealth and housing wealth. The plan is to implement the VRI as a panel. These three surveys, however, cover distinctive topics with little longitudinal content. They were broken into three surveys of 40 to 60 minutes for the practical reason of not overwhelming respondents.
Appendix C. Details on Structural Estimation Procedure
The distributions of the true latent variables are assumed as (8), (9) and (10) in the main text:
We allow the beliefs about returns to depend on risk preference, so the covariates of  and  include the latent i  .
These latent variables are related to observed survey responses in the following way.
2 log( ) log( ) for 1, 2 (0, ) 
We allow for  ,  ,  , and  to vary with covariates.
Algorithm of likelihood function calculation
We use the Gaussian quadrature approximation of the normal distribution to numerically integrate the density functions over multiple dimensions. Let  be the vector of parameters.
Given a fixed 0  the likelihood function is calculated through the following algorithm:
(1) Based on the parameter values that govern the true belief and preference parameter distributions in 0  , and using Gaussian Quadrature approximation, generate K nodes
    of belief and preference parameters, with corresponding probabilities (4) The likelihood for each individual is calculated as integration over k nodes as following:
Then the joint likelihood is calculated as products of i L over individuals.
Calculation of the proxy variables
Under the estimated parameters, the proxy variables are calculated as expected values conditional on the observed responses. The individual-specific proxy variables are obtained using the econometric model outlined above. The likelihood function of the model specifies the probability distribution of the observed responses conditional on the latent beliefs and preferences. The distribution of the latent variables conditional on the observed responses can be obtained from the likelihood function using Bayes' theorem. Integrating out this function yields the individual-specific proxy variables (ˆi  , ˆi  and ˆi  ) as the conditional expectations of the latent variables given the observed survey responses. We use the same numerical approximation for this calculation. Using the Bayes' Rule, ˆi  is calculated as:
Health Transition and Preferences The model starts from age 55, which is the lowest value in the VRI, and the household can live up to age 110 at most.
2
The probability of survival up to
is a function of age. The household evaluate flow utility from the consumption using (1). It discounts next period utility by time discount factor  . When it dies, it leaves the bequest, and bequest utility is modeled as:
where Beq  determines the strength of the bequest motive and Beq  determines whether it is necessity or luxury, compared to its own consumption.
Labor Income Process
The household retires at age 65. Until then, the labor income is exogenously determined as:
Given that households have only 10 years until retirement in this model, we abstract from permanent income shocks. After retirement, the household receives annuity income which captures Social Security income and defined benefit pension income and hence is not exposed to any uncertainty. This annuity income is modeled as a fraction (  ) of the mean income before retirement:
Financial Assets Households can invest in two different assets, a riskless asset and a risky asset where the latter represents stocks. The gross real return on a risk free asset is set as a constant f R . The subjective belief on distribution of the real gross return on a risky asset, t R , is modeled as:
where 1 t   is an i.i.d. stock return shock. Note that this subjective belief process is heterogeneous across households. We assume that the aggregate stock return shock is uncorrelated with the idiosyncratic labor income shock, following Cocco, Gomes and Maenhout (2005) .
Optimization problem of the households
Let Wit be beginning-of-period cash in hand of a household and it  be share of savings of this period invested to stocks. We assume that short sales and leveraged stock holdings are not allowed.
3
Then the household solves the following optimization problem (we drop the subscripts i and t):
Computation We solve for the optimal policy function numerically using backward induction.
The last period (at age 110) maximization is a static one so the value function is trivially 3
Optimal stock share could go over 100% if we allowed leveraging, since labor earnings and retirement income are close substitutes to the risk-free asset, due to zero correlation with stock return for the former and the absence of risk for the latter. In addition, when we approximate the labor income process as a discrete process, even the worst possible realization of income guarantees positive resources net of the subsistence level of consumption (as in Cocco, Gomes and Maenhout (2005) ) since mean level of labor income is much higher than the subsistence level of consumption.
obtained. This value function is used as a continuation value for the maximization program of the penultimate period. We repeat this until we solve for the maximization problem at the first period. For the choice over continuous spaces, i.e. over C and  , the optimization is done using grid search. With the curvature parameters the problem is no more homogenous to the scale, so it cannot be normalized as typically done in the literature (see Cocco, Gomes and Maenhout (2005) and Pang and Warshawsky (2010) for example). This does not increase computational burden too much since we abstract from permanent income shocks.
Calibration We solve this model for various sets of subjective belief and risk tolerance parameter values that are in the range supported by the evidence from the VRI, to understand the effects of heterogeneous belief and preference on the optimal stock share. The curvature parameter for the ordinary utility function ( ) is fixed at the value estimated from the VRI (-17K). Time discount factor (  ) is set to be 0.96, a value that is typically used in the literature for annual models.
The probability of survival D  is estimated from the HRS (1994 -2010) . For the parameters for the bequest utility function, we estimate these parameters using the methodology from Ameriks, Briggs, Caplin, Shapiro and Tonetti (2016) and the survey questions designed to estimate the strength of the bequest motive from the VRI (
32, 64
Beq Beq
). The parameters imply that a bequest is a luxury good compared to the ordinary consumption, but once the bequest motive kicks in for wealthy households the marginal utility from leaving bequest is large. Table D1 summarizes the calibration of the parameters, and Figure D1 and D2 summarize the results. They estimated it to be 0.058 for college graduates. We set it slightly larger here given that our model does not have permanent income shocks. 
Appendix E. Details on the Effect of Recent Returns on the Subjective Beliefs
Utilizing the variation in the timing that the respondents filled in Survey 3, we examine whether respondents' beliefs are affected by recent returns even at a high frequency. To be more specific, we examine whether the returns they experience during the week before the survey affects their expected returns. If their expected returns for one-year horizon turn out to be sensitive with respect to the returns they experienced in the week before the survey, we can conclude that their expectations are strongly affected by sentiments. Figure E1 describes the distribution of the survey timing and the stock market return that respondents experienced during the week before the survey. About half of the respondents filled in the survey in several days after the invitation, but many did so over the next several weeks.
We also sent out two reminders, one two weeks after and the other three weeks after the initial invitation, which were effective in soliciting responses and helped generate a larger variation in the survey timing. Stock returns are calculated as / , where SNP is the S&P 500 index and t is the date of survey. The figure shows that we have enough variation in both the survey timing and the past week's stock returns, which allows the identification of the effect of recent returns on beliefs. Table E1 shows the estimation results. Overall, we find that the return during the past week significantly affects the expected returns for the following year. The result is similar regardless of whether we use the error-ridden measure or the cardinal proxy ˆi  , though the estimate from the former regression is much noisier. We also find a strong heterogeneity in the sensitivity in the beliefs. As expected, the sample with higher education-who are more likely to be financially sophisticated-exhibit less sensitivity. The extrapolation bias is estimated to be significant only for those without a post-college degree. For those with a post-college degree, Figure E1 . Distribution of survey timing and stock market return in the week before survey Notes. *, **, and *** imply significance at 5%, 1%, and 0.1% level, respectively. 
Appendix F. Effects of Attention Measured by Number of Logins
Another possible explanation for the attenuation bias is that some individuals do not pay much attention to the stock market and hence they do not put a high weight on their own beliefs, reflecting their low confidence on their own predictions. We can test this possibility by using the number of logins to their Vanguard web account in the last six months of the first survey. The underlying assumption is that those who often log into their web accounts are more likely to pay attention to the stock market. We divide the sample into two groups, those who logged in more often than or the same as the median respondent (16 times) and those who logged less often than the median respondent.
We first examine whether those who log in more often have systematically different beliefs than the others. One might expect to see higher standard deviation of the belief measures from those with less frequent logins, since their beliefs are less likely to be anchored to the historical means. When we examine the differences in the mean and the standard deviation of (normalized) cardinal proxies of beliefs, we do not find evidence supporting our prior (Table F1 ).
Standard deviation of the expected return is slightly larger for those who login less often, but the difference is not statistically significant.
Despite the absence of a systematic difference in the belief distribution, we examine whether there is a systematic difference in the attenuation bias across these two groups. The message is mixed. The effect of the belief on expected return is slightly larger for those who log in more often, while the effect of the risk tolerance is slightly larger for those who log in less often. Both differences are only marginally significant at 10 percent level. 
